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(57) ABSTRACT 

The present invention relates to a medical device and 
method for making the medical device. In particular, the 
present invention relates to membrane covered structural 
frame, and to a method of forming a tubular membrane on 
a structural frame. In one aspect, a polymeric tube is 
provided having a ?rst diameter and a ?rst tube Wall 
thickness. A radially expandable and contractible structural 
frame is radially contracted, and inserted into at least a 
portion of the structural frame. The radially contracted 
structural frame then expands to expand the polymeric tube 
to a second diameter, Wherein the second diameter is greater 
than the ?rst diameter. As the polymeric tube radially 
expands, the tube Wall thickness becomes thinner, so that the 
polymeric tube becomes a thin Walled tubular membrane. 
The polymeric tube and structural frame are then mechani 
cally attached to each other. 
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METHOD OF MAKING A MEDICAL DEVICE 
HAVING A THIN WALL TUBULAR MEMBRANE 

OVER A STRUCTURAL FRAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t under 35 U.S.C. 
119(e) of US. Provisional Application Serial No. 60/379, 
604, ?led May 10, 2002. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a medical device 
and method of making the medical device. In particular, the 
present invention relates to a medical device having a 
radially expandable structural frame and a thin Wall tubular 
membrane structure, and a method of making the medical 
device having a thin Wall tubular membrane on a radially 
expandable structural frame. 

BACKGROUND OF RELATED ART 

[0003] The human body has numerous biological valves 
that control ?uid ?oW through body lumens and vessels. For 
example the circulatory system has various heart valves that 
alloW the heart to act as a pump by controlling the ?oW of 
blood through the heart chambers veins, and aorta. In 
addition, the venous system has numerous venous valves 
that help control the ?oW of blood back to the heart, 
particularly from the loWer extremities. 

[0004] These valves can become incompetent or damaged 
by disease, for example, phlebitis, injury, or the result of an 
inherited malformation. For example, heart valves are sub 
ject to disorders, such as mitral stenosis, mitral regurgitation, 
aortic stenosis, aortic regurgitation, mitral valve prolapse 
and tricuspid stenosis. These disorder are potentially life 
threatening. Similarly, incompetent or damaged venous 
valves usually leak, alloWing the blood to improperly ?oW 
back doWn through veins aWay from the heart (regurgitation 
re?ux or retrograde blood ?oW). Blood can then stagnate in 
sections of certain veins, and in particular, the veins in the 
loWer extremities. This stagnation of blood raises blood 
pressure and dilates the veins and venous valves. The 
dilation of one vein may in turn disrupt the proper function 
of other venous valves in a cascading manner, leading to 
chronic venous insuf?ciency. In addition, the vessels and 
body lumens may become damaged and require repair. 

[0005] Numerous therapies have been advanced to treat 
symptoms, including the correction of incompetent valves. 
Similarly, the vessels and body lumens may become dam 
aged and require repair. Less invasive procedures include 
compression, elevation and Wound care. HoWever, these 
treatments tend to be someWhat expensive and are not 
curative. Other procedures involve surgical intervention to 
repair, reconstruct or replace the incompetent or damaged 
valves, particularly heart valves, and vessels. 

[0006] Surgical procedures for incompetent or damaged 
venous valves include valvuloplasty, transplantation, and 
transposition of veins. HoWever, these surgical procedures 
provide someWhat limited results. The lea?ets of venous 
valves are generally thin, and once the valve becomes 
incompetent or destroyed, any repair provides only marginal 
relief. Surgical procedures to repair damage vessels or body 
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lumens include delivering and implanting expandable grafts 
and/or replacing damaged vessels. 

[0007] As an alternative to surgical intervention, drug 
therapy to correct valvular incompetence has been utiliZed. 
Currently, hoWever, there are no effective drug therapies 
available. 

[0008] Other means and methods for treating and/or cor 
recting damaged or incompetent valves and lumens include 
utiliZing xenograft valve transplantation (monocusp bovine 
pericardium), prosthetic/bioprosthetic heart valves and vas 
cular grafts, and arti?cial venous valves. These means have 
all had someWhat limited results. 

[0009] What is needed is an arti?cial endovascular valve 
for the replacement of incompetent biological human valves, 
particularly heart and venous valves. These valves may also 
?nd use in arti?cial hearts and arti?cial heart assist pumps 
used in conjunction With heart transplants. What is also 
needed is an arti?cial endovascular conduit for the repair of 
incompetent or damaged vessels or body lumens. 

SUMMARY OF THE INVENTION 

[0010] The present invention relates to a medical device, 
and in particular, a method of placing a tubular membrane on 
a radially expandable structural frame. One example of a 
medical device having a radially expandable structural 
frame and a tubular membrane is a stent-based valve. 
Another example might include medical devices, such as 
grafts and stent grafts, to repair and/or treat vascular aneu 
rysms, such as abdominal aortic aneurysms. 

[0011] One embodiment of the radially expandable struc 
tural frame comprises a proximal anchor and a distal anchor. 
The proximal and distal anchors are formed from a lattice of 
interconnected elements, and have a substantially cylindrical 
con?guration With ?rst and second open ends and a longi 
tudinal axis extending there betWeen. 

[0012] The radially expandable structural frame also com 
prises one or more struts, each having a ?rst and a second 
end. The ?rst end of each strut is attached to the proximal 
anchor and the second end of each strut is attached to the 
distal anchor. The tubular membrane assembly is placed on 
the radially expandable structural frame. 

[0013] The present invention provides a method of placing 
the tubular membrane about a radially contractible and 
expandable structural frame. In accordance With one aspect, 
the method of the present invention comprises the steps of 
providing a polymeric tube having a ?rst diameter and a ?rst 
Wall thickness. Astructural frame is then radially contracted. 
The radially contracted structural frame is then placed, at 
least in part, into the polymeric tube. Once the radially 
contracted structural frame is placed at the desired location, 
the structural frame expands into the polymeric tube, 
expanding at least a part of the polymeric tube to a second 
diameter, and forming a covered frame assembly. The sec 
ond diameter of the polymeric tube is greater than the ?rst 
diameter. The expanded polymeric tube and structural frame 
are then mechanically attached. One method of mechanical 
attachment includes coating the covered frame assembly 
With a polymer. 

[0014] Amedical device having a tubular membrane struc 
ture and a radially expandable structural frame is also 
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contemplated by the present invention. The medical device 
comprises an outer membrane formed at least in part from a 
polymeric material, preferably a polymeric tube positioned 
and radially expanded over a radially expandable structural 
frame, such that the radially expanded polymeric tube form 
a thin membrane cover over the structural frame. An outer 
coating formed at least in part from a polymer solution is 
coated over the radially expanded polymeric tube and struc 
tural frame, such that the outer coating mechanically 
attaches the outer membrane to the radially expandable 
structural frame. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1A shoWs a perspective vieW of a prosthetic 
venous valve in the deployed state according to one embodi 
ment of the present invention. 

[0016] FIG. 1B shoWs a perspective vieW of the prosthetic 
venous valve structural frame in the deployed state accord 
ing to one embodiment of the present invention. 

[0017] FIG. 1C shoWs a perspective vieW of the prosthetic 
venous valve structural frame having helical connecting 
members according to one embodiment of the present inven 
tion. 

[0018] FIG. 1D shoWs a perspective vieW of the prosthetic 
venous valve structural frame having an hourglass shape 
according to one embodiment of the present invention. 

[0019] FIG. 2A shoWs a perspective vieW of the proximal 
stent-based anchor in the expanded deployed state according 
to one embodiment of the present invention. 

[0020] FIG. 2B shoWs a close-up perspective vieW of a 
loop having inner and outer radii according to one embodi 
ment of the present invention. 

[0021] FIG. 2C shoWs a perspective vieW of the prosthetic 
venous valve structural frame having connecting members 
connected betWeen the proximal and distal anchors in a 
peak-to-peak con?guration according to one embodiment of 
the present invention. 

[0022] FIG. 2D shoWs a perspective vieW of the prosthetic 
venous valve structural frame having connecting members 
connected betWeen the distal and proximal anchors in a 
peak-to-valley con?guration according to one embodiment 
of the present invention. 

[0023] FIG. 2E shoWs a perspective vieW of the prosthetic 
venous valve structural frame having connecting members 
connected betWeen the distal and proximal anchors in a 
valley-to-valley con?guration according to one embodiment 
of the present invention. 

[0024] FIG. 2F shoWs a perspective vieW of the prosthetic 
venous valve structural frame having connecting members 
connected betWeen the distal and proximal anchors along the 
strut members according to one embodiment of the present 
invention. 

[0025] FIG. 3 shoWs a perspective vieW of the distal stent 
anchor having a plurality of hoop structures according to one 
embodiment of the present invention. 

[0026] FIG. 4A is a perspective vieW illustrating one 
embodiment of the expanded (deployed) prosthetic venous 
valve assembly in the open position. 
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[0027] FIG. 4B is a section vieW illustrating one embodi 
ment of the expanded (deployed) prosthetic venous valve 
assembly in the open position. 

[0028] FIG. 5A is a perspective vieW illustrating one 
embodiment of the expanded (deployed) prosthetic venous 
valve assembly in the closed position. 

[0029] FIG. 5B is a section vieW illustrating one embodi 
ment of the expanded (deployed) prosthetic venous valve 
assembly in the closed position. 

[0030] FIG. 6A is a perspective vieW illustrating a mem 
brane limiting means according to one embodiment of the 
present invention. 

[0031] FIG. 6B is a perspective vieW illustrating a mem 
brane limiting means according to one embodiment of the 
present invention. 

[0032] FIG. 6C is a perspective vieW illustrating a mem 
brane limiting means according to one embodiment of the 
present invention. 

[0033] FIG. 7 is a How diagram illustrating the steps to 
electro-statically spin a tubular membrane on a structural 
frame according to one embodiment of the present inven 
tion. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0034] The stent-based valves disclosed With the present 
invention provide a method for overcoming the dif?culties 
associated With the treatment of valve insuf?ciency. 
Although stent based venous valves are disclosed to illus 
trate one embodiment of the present invention, one of 
ordinary skill in the art Would understand that the disclosed 
invention can be equally applied to other locations and 
lumens in the body, such as, for example, coronary, vascular, 
non-vascular and peripheral vessels, ducts, and the like, 
including but not limited to cardiac valves, venous valves, 
valves in the esophagus and at the stomach, valves in the 
ureter and/or the vesica, valves in the biliary passages, 
valves in the lymphatic system and valves in the intestines. 
In addition, the method of placing a membrane assembly 
over a structural frame can be equally applied to various 
medical devices having a radially expandable/compressible 
structural frame, including for example, grafts, stent grafts, 
and other aneurysm and vessel repair devices. 

[0035] In accordance With one aspect of the present inven 
tion, the prosthetic valve is designed to be percutaneously 
delivered through a body lumen to a target site by a delivery 
catheter. The target site may be, for example, a location in 
the venous system adjacent to an insuf?cient venous valve. 
Once deployed the prosthetic venous valve functions to 
assist or replace the incompetent or damaged natural valve 
by alloWing normal blood ?oW (antegrade blood ?oW) and 
preventing or reducing back?oW (retrograde blood ?oW). 

[0036] A perspective vieW of an exemplary prosthetic 
venous valve in the expanded (deployed) state according to 
one embodiment of the present invention is shoWn in FIG. 
1A. The prosthetic venous valve 100 comprises a structural 
frame 101 and a biocompatible membrane assembly 102. In 
one embodiment, the membrane assembly 102 is comprised 
of a tubular membrane, valve ?aps and valve cusps. The 
?aps and cusps may be independent components attached to 
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the tubular membrane to form the membrane assembly 102, 
but are preferably part of, and integrated into, the tubular 
membrane. In a preferred embodiment, the valve ?aps and 
valve cusps are formed into the tubular membrane by 
processing techniques as Will be discussed in greater detail 
beloW. 

[0037] For clarity, a perspective vieW of the prosthetic 
venous valve 100 structural frame 101 is shoWn in FIG. 1B. 
The structural frame 101 consists of proximal and distal 
anchor structures 103, 104 connected by at least one con 
necting member 105. In a preferred embodiment, at least 
three connecting members 105 are utiliZed. 

[0038] It should be noted that the terms proximal and 
distal are typically used to connote a direction or position 
relative to a human body. For example, the proximal end of 
a bone may be used to reference the end of the bone that is 
closer to the center of the body. Conversely, the term distal 
can be used to refer to the end of the bone farthest from the 
body. In the vasculature, proximal and distal are sometimes 
used to refer to the ?oW of blood to the heart, or aWay from 
the heart, respectively. Since the prosthetic valves described 
in this invention can be used in many different body lumens, 
including both the arterial and venous system, the use of the 
terms proximal and distal in this application are used to 
describe relative position in relation to the direction of ?uid 
?oW. For example, the use of the term proximal anchor in the 
present application describes the upstream anchor of struc 
tural frame 101 regardless of its orientation relative to the 
body. Conversely, the use of the term distal is used to 
describe the doWn stream anchor on structural frame 101 
regardless of its orientation relative to the body. Similarly, 
the use of the terms proximal and distal to connote a 
direction describe upstream (retrograde) or doWnstream 
(antegrade) respectively. 

[0039] The connecting members 105 are attached betWeen 
the proximal and distal anchors 103, 104 to further support 
the biocompatible membrane assembly 102 (not shoWn in 
FIG. 1B). In one embodiment, the connecting members 105 
are substantially straight members, connecting the stent 
based proximal and distal anchors 103, 104 in a direction 
substantially parallel to the longitudinal axis 106. Although 
three connecting members 105 are shoWn in the illustrated 
embodiment, this con?guration should not be construed to 
limit the scope of the invention. 

[0040] Alternatively, the connecting members 105 may be 
tWisted in a helical fashion as they extend from the proximal 
to distal anchors 103, 104. This alternate embodiment is 
illustrated in FIG. 1C. Speci?cally, the connection points 
betWeen the connecting members 105 and the distal anchor 
104, and the connecting members 105 and the proximal 
anchor 103, are rotationally phased 180 degrees from each 
other to provide the helical design. 

[0041] Each connecting member 105 may also be biased 
inWard slightly toWard the longitudinal centerline 106 of the 
stent-based anchors 103, 104, creating a structural frame 101 
having an hour-glass shape With the minimum radius located 
substantially at the longitudinal midpoint along the connect 
ing member 105 length. An hourglass shaped structural 
frame 101 is illustrated in FIG. 1D. 

[0042] The materials for the structural frame 101 should 
exhibit excellent corrosion resistance and biocompatibility. 
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In addition, the material comprising the structural frame 101 
should be suf?ciently radiopaque and create minimal arti 
facts during MRI. 

[0043] The present invention contemplates deployment of 
the prosthetic venous valve 100 by both assisted (mechani 
cal) expansion, i.e. balloon expansion, and self-expansion 
means. In embodiments Where the prosthetic venous valve 
100 is deployed by mechanical (balloon) expansion, the 
structural frames 101 is made from materials that can be 
plastically deformed through the expansion of a mechanical 
assist device, such as by the in?ation of a catheter based 
balloon. When the balloon is de?ated, the frame 101 remains 
substantially in the expanded shape. Accordingly, the ideal 
material has a loW yield stress (to make the frame 101 
deformable at manageable balloon pressures), high elastic 
modulus (for minimal recoil), and is Work hardened through 
expansion for high strength. The most Widely used material 
for balloon expandable structures 101 is stainless steel, 
particularly 316L stainless steel. This material is particularly 
corrosion resistant With a loW carbon content and additions 
of molybdenum and niobium. Fully annealed, stainless steel 
is easily deformable. 

[0044] Alternative materials for mechanically expandable 
structural frames 101 that maintain similar characteristics to 
stainless steel include tantalum, platinum alloys, niobium 
alloys, and cobalt alloys. In addition other materials, such as 
polymers and bioabsorbable polymers may be used for the 
structural frames 101. 

[0045] Where the prosthetic venous valve 100 is self 
expanding, the materials comprising the structural frame 
101 should exhibit large elastic strains. A suitable material 
possessing this characteristic is Nitinol, a Nickel-Titanium 
alloy that can recover elastic deformations of up to 10 
percent. This unusually large elastic range is commonly 
knoWn as superelasticity. 

[0046] The disclosure of various materials comprising the 
structural frame should not be construed as limiting the 
scope of the invention. One of ordinary skill in the art Would 
understand that other material possessing similar character 
istics may also be used in the construction of the prosthetic 
venous valve 100. For example, bioabsorbable polymers, 
such as polydioxanone may also be used. Bioabsorbable 
materials absorb into the body after a period of time, leaving 
only the biocompatible membrane 102 in place. The period 
of time for the structural frame 101 to absorb may vary, but 
is typically suf?cient to alloW adequate tissue groWth at the 
implant location to adhere to and anchor the biocompatible 
membrane 102. 

[0047] The structural frame 101 may be fabricated using 
several different methods. Typically, the structural frame 101 
is constructed from sheet, Wire (round or ?at) or tubing, but 
the method of fabrication generally depends on the raW 
material form used. 

[0048] The structural frame 101 can be formed from Wire 
using convention Wire forming techniques, such as coiling, 
braiding, or knitting. By Welding the Wire at speci?c loca 
tions a closed-cell structure may be created. This alloWs for 
continuous production, ie the components of the structural 
frame 101, such as proximal and distal anchors 103, 104, 
may be cut to length from a long Wire mesh tube. The 
connecting member 105 may then be attached to the proxi 
mal and distal anchors 103, 104 by Welding or other suitable 
connecting means. 
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[0049] In addition, the complete frame structure may be 
cut from a solid tube or sheet of material, and thus the 
structural frame 101 Would be considered a monolithic unit. 
Laser cutting, Water-jet cutting and photochemical etching 
are all methods that can be employed to form the structural 
frame 101 from sheet and tube stock. 

[0050] As discussed above, the disclosure of various 
methods for constructing the structural frame 101 should not 
be construed as limiting the scope of the invention. One of 
ordinary skill in the art Would understand that other con 
struction methods may be employed to form the structural 
frame 101 of the prosthetic venous valve 100. 

[0051] In one embodiment of the invention, the anchors 
103, 104 are stent-based structures. This con?guration facili 
tates the percutaneous delivery of the prosthetic venous 
valve 100 through the vascular system in a compressed state. 
Once properly located, the stent-based venous valve 100 
may be deployed to the expanded state. 

[0052] Aperspective vieWs of a typical stent-based anchor 
in the expanded (deployed) state is shoWn in FIGS. 2A. 
Although a Z or S shaped pattern stent anchor is shoWn for 
the purpose of example, the illustration is not to be construed 
as limiting the scope of the invention. One of ordinary skill 
in the art Would understand that other stent geometries may 
be used. 

[0053] The stent anchors (proximal and distal anchors 
103, 104 respectively) each comprise a tubular con?guration 
of structural elements having proximal and distal open ends 
and de?ning a longitudinal axis 106 extending there 
betWeen. The stent anchors 103, 104 have a ?rst diameter 
(not shoWn) for insertion into a patient and navigation 
through the vessels, and a second diameter D2 for deploy 
ment into the target area of a vessel, With the second 
diameter being greater than the ?rst diameter. The stent 
anchors 103, 104, and thus the stent based venous valve 100, 
may be either a mechanical (balloon) or self-expanding stent 
based structure. 

[0054] Each stent anchor 103, 104 comprises at least one 
hoop structure 206 extending betWeen the proximal and 
distal ends. The hoop structure 206 includes a plurality of 
longitudinally arranged strut members 208 and a plurality of 
loop members 210 connecting adjacent struts 208. Adjacent 
struts 208 are connected at opposite ends in a substantially 
S or Z shaped pattern so as to form a plurality of cells. As 
previously discussed, one of ordinary skill in the art Would 
recogniZe that the pattern shaped by the struts is not a 
limiting factor, and other shaped patterns may be used. The 
plurality of loops 210 have a substantially semi-circular 
con?guration, having an inter radii 212 and outer radii 214, 
and are substantially symmetric about their centers. The 
inner and outer radii 212, 214 respectively, are shoWn in a 
close-up perspective vieW illustrated in FIG. 2B. 
[0055] The connecting member 105 may be connected to 
the proximal and distal anchors 103, 104 at various points 
along the structure. As illustrated in FIG. 2C, the connecting 
members 105 are connected betWeen the proximal end of the 
distal anchor 104 and the distal end of the proximal anchor 
103 at the in?ection point of the loop members 210. This 
con?guration creates a “Peak-to-Peak” connection bridging 
the outer radii 214 of the in?ection point of loop members 
210 on the proximal anchor 103 With the outer radii 214 of 
the in?ection point of the loop member 210 on the distal 
anchor 104. 
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[0056] Preferably the connecting members 105 are con 
nected to the in?ection point of loop members 210 oriented 
directly opposite one another, and are evenly spaced along 
the circumference of the tubular anchors 103, 104. This 
con?guration facilitates the radial expansion of the pros 
thetic valve from the collapsed (delivered) state to the 
expanded (deployed) state, and provides a substantially 
symmetrical valve con?guration. 

[0057] Alternatively, the connecting members 105 may be 
connected betWeen the distal and proximal anchors 104, 103 
to create a “Peak-to-Valley” connection betWeen the loop 
members 210. In this con?guration, illustrated in FIG. 2D, 
the connecting members 105 are connected to the proximal 
end of the distal anchor 104 at the outer radii 214 of the 
in?ection point of loop member 210, and the inner radii 212 
of the in?ection point of loop member 210 on the proximal 
end of the proximal anchor 103. 

[0058] In a further embodiment, the connecting members 
105 may be connected betWeen the distal end of the distal 
anchor 104 and the proximal end of the proximal anchor 103 
at the in?ection point of the loop members 210 as shoWn in 
FIG. 2E. This con?guration creates a “Valley-to-Valley” 
connection bridging the inner radii 212 of the in?ection 
point of loop members 210 on the proximal anchor 103 With 
the inner radii 212 of the in?ection point of the loop member 
210 on the distal anchor 104. 

[0059] In still a further embodiment, the connecting mem 
bers 105 may be connected betWeen the strut members 208 
of the distal anchor 104 and the strut members 208 of the 
proximal anchor 103 as shoWn in FIG. 2F. 

[0060] In any of the above described con?gurations, the 
connections betWeen the connecting members 105 and the 
anchors 103, 104 may be made at every in?ection point 
around the circumference of the structure; or alternatively, at 
a subset of the in?ection points around the circumference of 
the structure. In other Words, connected in?ection points 
alternate With unconnected in?ection points in some de?ned 
pattern. 

[0061] Although stent anchors 103, 104 incorporating a 
singular hoop structure are shoWn in the embodiment illus 
trated in FIGS. 2A though 2F, each stent anchor may utiliZe 
a plurality of hoop structures. 

[0062] FIGS. 3 shoWs a distal anchor having a plurality of 
hoop structures 306A through 306D according to another 
embodiment of the present invention. In the illustrated 
embodiment, the distal stent anchor 104 may further com 
prise a plurality of bridge members 314 that connect adja 
cent hoops 306A through 306D. Each bridge member 314 
comprises tWo ends 316A, 316B. One end 316A, 316B of 
each bridge 314 is attached to one loop on one hoop. Using 
hoop sections 306C and 306D for example, each bridge 
member 314 is connected at end 316A to loop 310 on hoop 
section 306C at a point 320. Similarly, the opposite end 
316B of each bridge member 314 is connected to loop 310 
on hoop sections 306D at a point 321. 

[0063] The proximal and distal anchors 103, 104 secure 
the prosthetic valve 100 to the inside Wall of a body vessel 
such as a vein, and provide anchor points for the connecting 
members 105. Once deployed in the desired location, the 
anchors 103, 104 Will expand to an outside diameter slightly 
larger that the inside diameter of the native vessel (not 
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shown) and remain substantially rigid in place, anchoring 
the valve assembly to the vessel. The connecting members 
105 preferably have an inferior radial stiffness, and Will 
conform much more closely to the native diameter of the 
vessel, facilitating the operation of the biocompatible mem 
brane assembly 102. 

[0064] The membrane assembly is formed from a ?exible 
membrane-like biocompatible material that is af?xed to the 
frame structure 101. The membrane must be strong enough 
to resist tearing under normal use, yet thin enough to provide 
the necessary ?exibility that alloWs the biocompatible mem 
brane assembly 102 to open and close satisfactorily. 

[0065] FIGS. 4A and 4B are perspective and section 
vieWs, respectively, illustrating one embodiment of the 
expanded (deployed) prosthetic venous valve assembly 100 
in the open position. The membrane material may be a 
biological material, such as a vein or small intestine sub 
mucosa (SIS), but is preferably a synthetic material such as 
a polymer, for example a micro-cellular foam or porous 
polymeric material, including expanded Polytetra?uoroeth 
ylene (ePTFE), or a bioabsorbable material, such as a 
bioabsorbable polymer or bioabsorbable elastomer. Bioab 
sorbable materials may alloW cells to groW and form a tissue 
membrane (or valve ?aps) over the bioabsorbable mem 
brane. The bioabsorbable membrane then absorbs into the 
body, leaving the tissue membrane and/or ?aps in place to 
act as a neW natural tissue valve. 

[0066] To achieve the necessary ?exibility and strength of 
the membrane assembly 102, the synthetic material may be 
reinforced With a ?ber, such as an electro-statically spun 
(ESS) ?ber, porous foam, such as ePTFE, or mesh. The 
?exible membrane like biocompatible material is formed 
into a tube (membrane tubular structure 400) and placed 
over and around the structural frame 101. The membrane 
tubular structure 400 has a ?rst (distal) and second (proxi 
mal) ends 401, 402 respectively, and preferably also has 
integrated valve ?aps 403 and valve cusps 404. These 
components together comprise the membrane assembly 102. 
[0067] The ?rst end 401 of the membrane tubular structure 
400 is located betWeen the proximal and distal anchors 103, 
104, and is preferably located at the approximate longitu 
dinal midpoint of the connecting members 105 betWeen the 
tWo anchors 103, 104. The second end 402 of the membrane 
tubular structure 400 extends proximally from the longitu 
dinal midpoint, and is preferably located proximal to at least 
one half of the proximal anchor 103. In one embodiment of 
the invention, the membrane structure 400 completely cov 
ers the proximal anchor 103. This con?guration alloWs the 
proximal anchor 103 to expand the membrane tubular struc 
ture 400 into the native vessel Wall, anchoring the membrane 
tubular structure 400 in place, and providing adequate 
sealing against retrograde blood ?oW. 
[0068] The distal end 401 of the membrane tubular struc 
ture 400 terminates With the valve ?aps 403. The number of 
valve ?aps 403 is directly proportional to the number of 
connecting members 105 supporting the membrane tubular 
assembly 102. The valve ?aps 403 are suf?ciently pliable 
and supple to easily open and close as the blood ?oW 
changes from antegrade to retrograde. When the valve ?aps 
403 close (during retrograde ?oW) the interior surfaces of 
the ?aps 403 and/or membrane tubular structure 400 come 
into contact to prevent or adequately reduce retrograde 
blood ?oW. 
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[0069] To facilitate closing the valve ?aps 403 during 
retrograde blood ?oW, valve cusps 404 are formed into the 
membrane tubular structure 400. The valve cusps 404 are 
de?ned generally by the intersection of the connecting 
members 105 and membrane tubular structure 400. 

[0070] The use of the term “cusps” is not meant to limit 
the scope of this invention. Although the term “cusps” is 
often more aptly used to describe the valve members in 
semilunar valves, such as the aortic and pulmonary valves, 
this discussion refers to both the cusps of semilunar valves 
and the “lea?ets” of venous and atrioventricular valves. 
Accordingly, it should be understood that the aspects dis 
cussed in relation to these valves could be applied to any 
type of mammalian valve, including heart valves, venous 
valves, peripheral valves, etc. 

[0071] During retrograde ?oW, blood passes the leading 
edge of valve ?aps 403 and enters the valve cusps 404. Since 
the membrane tubular structure 400 (and membrane assem 
bly 102) is substantially sealed against the inner vessel Wall 
by proximal anchor 103, the valve cusps 404 form a sub 
stantially ?uid tight chamber. As the valve cusps 404 ?ll, the 
membrane tubular structure 400 is directed inWard until the 
interior surfaces of the membrane tubular structure 400 
contact each other, particularly along the leading edges of 
valve ?aps 403, closing the membrane assembly 102. FIGS. 
5A and 5B shoW perspective and section vieWs, respec 
tively, illustrating one embodiment of the expanded 
(deployed) prosthetic venous valve assembly 100 in the 
closed position. 

[0072] In a preferred embodiment of the invention, the 
membrane assembly 102 is normally con?gured in the open 
position, and only moves to the closed position upon retro 
grade blood ?oW. This con?guration minimiZes interference 
With blood ?oW (minimiZed blocking) and reduces turbu 
lence at and through the valve. The connecting members 105 
in this embodiment have an inferior radial stiffness, and 
provide a natural bias against the movement of the mem 
brane assembly 102 to the closed position. This bias assists 
the valve ?aps 403 and valve cusps 404 When returning to 
the open position. 

[0073] Depending on the application, it may also be 
desired that the bias toWards opening the membrane assem 
bly 102 (against closing) be suf?ciently high to commence 
opening the valve before antegrade blood ?oW begins, ie 
during a point in time When the blood ?oW is stagnant (there 
is neither antegrade nor retrograde blood ?oW), or When 
minimal retrograde ?oW is experienced. 

[0074] In other applications, it may be desirable to have 
the valve assembly normally con?gured in the closed posi 
tion, biased closed, and only open upon antegrade ?oW. 

[0075] As earlier described, the membrane assembly 102 
is made from a ?exible membrane-like biocompatible mate 
rial formed into the membrane tubular structure 400. The 
membrane 400 can be Woven, non-Woven (such as electro 
static spinning), mesh, knitted, ?lm or porous ?lm (such as 
foam). 
[0076] The membrane assembly 102 may be ?xedly 
attached to the structural frame by many different methods, 
including attachment resulting from radial pressure of the 
structural frame 101 against the membrane assembly 102, 
attachment by means of a binder, heat, or chemical bond, 












